In vivo equilibrium dialysis studies were performed to define further the characteristics of calcium binding to bovine albumin. The concentration range for albumin (1 to 9 g/dl) as well as ultrafilterable calcium (0-5 to 2-5 mM) studied encompassed those that might be ordinarily encountered in most clinical situations. Major differences in the regressions of total calcium onultrafilterable calcium occurred at albumin concentrations of 1, 2, and 9 g/dl but only small differences at albumin concentrations between 3, 5 and 7 g/dl. When 
Calcium in serum exists in three separate forms;1 2 ionised (Ca2+), complexed (Cap), and protein bound (CaPr), but only the free or ionised calcium is physiologically important. With changes in albumin concentration occurring during alterations in posture,3venous stasis,4or during disease processes,45 concomitant changes in total calcium (CaT) are known to occur but the free calcium is thought not to change. Thus a variety of formulations have been proposed using either total serum protein,3 [6] [7] [8] or serum albumin4 6 9 10 concentrations to correct the total calcium for the effect of such changes in protein. Other where KA is the equilibrium association constant.
Accepted for publication 18 March 1981 This mass law equation predicts that protein bound calcium, CaPr-n, should vary directly with Ca2+ at any specified constant (3) Equations (1) and (3) The last equation has a form suitable for a Scatchard plot where n/Ca2+ is plotted against n (equivalent to plotting bound/free against bound). The slope is equal to -KA and the intercept on the abscissa is equal to N, the total number of binding sites per albumin molecule. Ca.f was known in all experiments but Ca2+ in only some of the experiments. The Scatchard plots were thus constructed using n/Cauf on the abscissa since chelated calcium usually represented a small fraction of total calcium and the difference between Ca2+ and Caur was small (vida infra).
In addition we analysed the data by the convention used clinically-that is, protein bound calcium was calculated (Eq. 2 above) and then factored by the retentate albumin concentration to yield mg of calcium bound per g albumin in the retentate solution. This method is not rigorous and cannot yield values for KA or N since the latter requires expression of data in molar units.
STATISTICS
The least-squares method was used to develop linear regressions between two variables. The varianceratio test was used to evaluate differences between regressions.
Results
All results in Table 1 represent the mean of at least four measurements for each parameter except ionised calcium which was measured in duplicate. At all albumin concentrations, CaT increased almost linearly with Ca.r as shown in Fig. 1 . Only small differences in CaT were noted at any Cauf in the range of albumin concentrations from 3 to 7 g/dl. At the lower albumin concentrations of 1 and 2 g/dl, the curves were shifted to the right, that is, a smaller fraction of total calcium was bound ( Table 1 ). The percent of total calcium bound to albumin increased with ultrafilterable calcium at albuminconcentrations of 1, 2 and 9 g/dl but decreased slightly at the intermediate albumin concentrations of 3, 5, and 7 g/dl as shown in Table 1 . Over the range of calcium and albumin concentrations studied, no saturation of calcium binding sites was noted.
The above results suggested that changes in protein binding characteristics could occur with variation in albumin concentration. An initial evaluation was made by replotting the data in Fig. 1 using clinical conventions. At any specified constant Caur value, the protein bound calcium (CarTCaur) was calculated at each albumin concentration. The protein bound calcium was then divided by the retentate albumin concentration to yield the milligrams of calcium bound per gram of albumin. This was then plotted against albumin concentration. The procedure was then repeated at different Cauf concentrations from 2 to 6 mg/dl. As shown in Fig. 2 these relations are extremely complex. Expressed in this way, the amount of Ca bound/g albumin is influenced both by the albumin and ultrafilterable calcium concentrations. The important observation is that the amount of calcium bound per gram of albumin decreases as albumin increases from 3 to 9 g/l when Caur is held constant. The change in protein binding with albumin concentration is shown in another way in Fig. 3 . Linear regression curves for the data in Fig. 1 This was confirmed by using Scatchard plot analysis (Fig. 4) . The slopes of the inverse relations The values for the association constant of pKA must be interpreted within the limitation imposed by the range of ultrafilterable calciums studied. Binding of a substance to a protein receptor is usually studied over a substance concentration range of one tenth to tenfold the half-saturating concentration. Such a range is not encountered clinically and was not studied. In addition, if more than one class of binding sites is present, a Scatchard plot is curvilinear and the association constants and molar binding ratios values for each class must be determined by curvepeeling techniques. The values for these parameters obained from our studies, therefore, assess only the average influence of such classes of binding sites over the limited concentration range studied. Extrapolation of the curves to the abscissa probably reflects the total molar binding ratio of the predominant calcium binding class and not the true maximal molar binding ratio.
It was not our intent rigorously to evaluate the physical chemistry of calcium-albumin binding, but rather to assess the implications of changes in calcium and albumin concentrations in certain pathophysiological states. Despite the limitations previously enumerated, our in vitro studies reveal three major characteristics of the system which account for certain previously noted observations. Firstly, albumin-bound calcium is directly affected by changes in free calcium concentrations, an effect predictable from the law of mass action. 3 and 7 g/dl, the maximum number of moles calcium bound per mole of albumin decreased from 9 to 3. In the physiological range for albumin of 3-5 g/dl, the value for the association constant did not change reflecting the predominant effect of one class of binding sites, but increased at the supraphysiological albumin concentration of 7 g/dl. This increase in the value for the association constant of 7 g/dl was associated with a decrease in molar binding ratio. This may reflect the presence of a class of binding sites of higher affinity but lower capacity. Anderson'4 has described three classes of binding sites; the activity of the third class is detected only at very high concentrations of calcium (> 10 mM), a range not investigated in this study. Thus our results are quantitatively and qualitatively comparable with the results of other investigators when calcium binding was studied at physiological albumin concentrations.
We also noted an additional finding when we examined calcium binding at albumin concentrations corresponding to hypoalbuminaemic concentrations. In the range of ionised calcium concentrations found in most clinical states, we could not determine unique values for the association constant or for the molar binding ratio. This radical alteration in the characteristics of calcium-albumin binding at simulated hypoalbuminaemic conditions suggests that clinical application of formulations with fixed binding ratios to correct CaT for albumin may be particularly inappropriate under such conditions. As shown in Fig. 2 
